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Abstract: Considering the global decline of amphibian populations, the present study aimed to investigate the sensitivity of tree frogs
to a common pesticide, dimethoate. Our study reports the effects of dimethoate on 21st- and 25th-stage Hyla arborea larvae under
standardized laboratory conditions in an acute toxicity test using the static system. Specimens used for testing were obtained from
the eggs of mating pairs collected at a local natural pond. Each experimental group contained 10 healthy larvae exposed to 5
different concentrations of technical grade dimethoate for 96 h. For each concentration, including the controls, 3 replicates were
used. The concentrations of dimethoate causing 50% mortality (LC50) after 96 h were estimated using a probit analysis program.
Regarding the lethal concentrations, 21st-stage larvae were more sensitive (LC50 = 20.27 ppm) than the 25th-stage larvae (LC50 =
37.37 ppm). Malformations such as edema and tail deformaities were observed in 21st- and 25th-stage larvae, respectively.
Retardation of growth was also observed in dimethoate-exposed 21st-stage larvae. Certain signs of toxicity, such as initial
hyperactivity symptoms, followed by loss of balance, motionlessness, and finally death, were observed.
Key Words: Acute toxicity, organophosphorus pesticides, dimethoate, Amphibia, Hyla arborea, anuran larvae

Dimethoate’›n A¤aç Kurba¤as›, Hyla arborea Larvalar› Üzerine Etkisi
Özet: Amfibi populasyonlar›nda gözlenen global azalmalar göz önüne al›nd›¤›nda; mevcut çal›flma, a¤aç kurba¤as›n›n yayg›n bir
pestisit olan dimethoate’a olan hassasiyetini ortaya koymada katk› sa¤lamaktad›r. Çal›flmam›z; standart laboratuvar koflullar› alt›nda,
statik sistem esas al›narak yap›lan akut tosisite denemeleriyle dimethoate’›n 21. ve 25. evre Hyla arborea larvalar› üzerindeki
etkilerini ortaya koymaktad›r. Denemede kullan›lan larvalar, do¤al bir lokal göletten toplanan amplexus halindeki çiftlerin
yumurtalar›ndan elde edilmifltir. Sa¤l›kl› on larvadan oluflan herbir deneme grubu, 96 saatlik deney süresince, ticari dimethoate’›n
befl farkl› konsantrasyonuna maruz b›rak›lm›flt›r. Her bir konsantrasyon ve kontrol grubu için üç tekrar yap›lm›flt›r. Probit analiz
program› kullan›larak 96 saatte, %50 ölüme neden olan dimethoate konsantrasyonlar› (LC50) hesaplanm›flt›r. Letal
konsantrasyonlara göre; 21. evre larvalar (LC50 = 20.27 ppm) 25. evre larvalardan (LC50 = 37.37 ppm) daha hassast›r. 21. evre
larvalarda ödem ve 25. evre larvalarda da kuyruk deformasyonlar› fleklinde morfolojik anomaliler gözlenmifltir. Ayr›ca, 21. evre
larvalarda geliflmede gecikme de gözlenmifltir. Dimethoate uygulanan hayvanlar›n davran›fllar›nda; s›ras›yla hiperaktivite semptomlar›,
denge kayb›, hareketsizlik ve son olarak da ölüm gibi baz› toksisite belirtileri gözlenmifltir.
Anahtar Sözcükler: Akut toksisite, organofosforlu pestisitler, dimethoate, Amphibia, Hyla arborea, anur larvas›

Introduction
There has been growing concern about worldwide
declines in amphibian populations since the late 1980s
(Blaustein and Wake, 1990; 1995; Houlahan et al.,
2000; Gaizick et al., 2001). At present, it is an accepted
fact that amphibian decline is a global problem and a
variety of explanations have been offered. One of the
most important proposed causes for the decline is
agrochemicals, especially pesticides (Phillips, 1990; Berrill
et al., 1994; Materna et al., 1995; Ouellet et al., 1997).

Amphibians are sensitive to environmental contaminants
because they inhabit aquatic and terrestrial realms, and
their thin, highly permeable skin rapidly absorbs toxic
substances (Duellman and Trueb, 1986; Materna et al.,
1995). They can be exposed to waterborne and airborne
pollutants in their breeding and foraging habitats.
Amphibians are key components of many ecosystems and
the impacts of pollution upon them are indicative of
ecosystem health. Moreover, amphibian tadpoles have
been used as bioindicators for contamination monitoring
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because their skin is highly permeable, both in water and
air (Dumpert and Zeitz, 1984; Beiswenger, 1988;
Williams et al., 1989). Retardation of growth, limb
degeneration, and teratogenesis are some of the
biomarkers used to evaluate the degree of pollution
(Henle, 1981; Duellman and Trueb, 1986; Nebeker et al.,
1994a; 1994b). Most studies have been conducted in
consideration of the effects of pesticides on frogs;
however, only a few studies have been carried out on tree
frogs of the family Hylidae which is one of the most
diverse and widely distributed frog family in the world.
Some hylid species from South America seem to be very
sensitive to habitat degradation (Guillermo et al., 2000).
Considering the global decline of amphibian populations,
the present study aimed to investigate the sensitivity of
the hylid species to dimethoate, an organophosphorus
insecticide, by means of laboratory toxicity bioassays
using larval stages of Hyla arborea. Organophosphorus
pesticides are preferred over many other pesticides
because they are less persistent in the environment;
however, they are cholinesterase inhibitors and adversely
affect the nervous system (Chambers and Levi, 1992;
Barron and Woodburn, 1995). The purpose of this study
was to determine the LC50 of dimethoate and to describe
its acute toxic effects on H. arborea larvae.

Materials and Methods

Hyla arborea, a member of the family Hylidae, were
used in this study. Mating pairs were collected from a
clean, permanent pond located near Bornova, ‹zmir,
Turkey and transferred to the laboratory. They were
captured during amplexus and placed in glass jars
containing water and vegetation until egg laying was
observed. Eggs obtained by this procedure were reared in
the laboratory at 22 ± 1 ºC, with natural lightning, in
gently aerated and dechlorinated tap water. Experiments
were performed on pre-feeding larvae in the 21st and 25th
fully aquatic stage. The stages of larvae were determined
according to the table of Gosner (1960). Many
investigators have justified using tadpoles for toxicity
tests because they were described as the most sensitive
life stage in some studies (Freda and McDonald, 1993).
Formulation grade of the pesticide dimethoate
(Korumagor 40 EC, Koruma Tar›m A.fi.), was used.
Dimethoate is a systemic insecticide and acaricide with
contact and stomach action, which is used to control a
wide range of coleoptera, diptera, homoptera, and acari
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in grain, cotton, vegetable, and fruit crops. Dimethoate
was diluted in dechlorinated tap water in order to reach
the following test concentrations; 22, 26, 30, 34, and 38
ppm for 21st-stage, and 16, 26, 36, 46, 56 ppm for 25th
-stage larvae. The concentrations of formulation grade
dimethoate were calculated from the percentage of the
active ingredient. Solutions were freshly made
immediately before use. The static system was used in
each acute toxicity test as a method of exposure. Ten
healthy larvae were randomly selected and transferred to
glass petri dishes containing 100 ml of dimethoate
solution of the desired concentration for 96 h of
experimentation; they were covered with glass plates in
order to obtain a negligible air-water interface and to
minimize evaporation. Controls were maintained without
insecticide under the same condition. For each
concentration, including the controls, 3 replicates were
used. Observations were made at 24-h intervals through
96 h of exposure. Lethality was considered the endpoint.
Every 24 h the number of dead animals was recorded,
which were then removed from the containers and their
external aspects registered. Also, the morphological and
behavioral characteristics of the live animals were
observed. Mortality data from the replicate samples from
each dimethoate concentration was pooled prior to
calculating LC50 and 95% confidence intervals. The 96-h
LC50 values and the 95% confidence intervals were
determined through probit analysis with SPSS version
10.0 for windows. All regressions were significantly
linear.

Results and Discussion
While no mortality occurred in the control groups
throughout the 96-h experimental period, mortality of
exposed larvae correlated with increasing dimethoate
concentration. It is known that the effects of the
insecticide are always graded proportionally according to
its concentration and to incubation time. The 96-h LC50
values for dimethoate in 21st- and 25th -stage larvae were
20.27 and 37.37 ppm, respectively (Table 1).
Regarding these results, 21st-stage larvae were more
sensitive to dimethoate than the 25th-stage larvae. The
sensitivity to dimethoate was greater in younger larvae. It
was reported that the 96-h LC50 values observed for
dimethoate in Rana hexadactyla tadpoles was 7.82 ug/l
(Khangarot et al., 1985); however, to date, information
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Table 1. Lethal concentrations (LC10, LC50, and LC90) of dimethoate (ppm) in exposed H. arborea larvae.
LC10

LC50

LC90

(95% CI)

(95% CI)

(95% CI)

21st-stage larvae

9.60
(-12.66 - 16.22)

20.27
(10.84 - 23.59)

30.95
(28.21 - 37.09)

25th-stage larvae

14.73
(-5.51 - 23.73)

37.37
(30.51 - 42.46)

60.01
(53.05 - 74.67)

CI = Confidence interval

on the acute toxicity of dimethoate on hylid species is not
available.
Dimethoate at all concentrations caused growth
retardation in 21st-stage larvae. An increase in dimethoate
concentration caused large numbers of larvae to remain
in the 24th stage, while the controls were in the 25th
stage. Delayed metamorphosis, reduced growth rates,
and mortality of tadpoles have been documented after
exposure of eggs and larvae to dimethoate (Mizgireuv et
al., 1984) and fenitrothion, another organophosphorus
pesticide (Mohanty-Hejmandi and Dutta, 1981).
Retardation of growth may place larvae at greater risk of
predation and dehydration as ephemeral ponds dry out
through the year. Moreover, delays in growth increase
the exposure of larvae to pesticide runoff.
Some morphological alterations were observed in the
exposed groups. They were characterized by edema,
especially on the head and trunk of 21st-stage larvae, and
tail deformities in 25th-stage larvae. Additionally, the
length of dimethoate treated larvae was shorter than the
controls. The malformations found in dimethoate-treated
21st-stage larvae are presented in Figure 1, which shows
a normal larva (a) and others suffering from edema (b
and c). While Figure 2 shows untreated larvae, Figures 35 show dimethoate-treated 25th-stage larvae that were
greatly malformed. Except for the group exposed 16 ppm
concentration, tail deformities were observed in all
concentration groups. Larvae in the 16 ppm
concentration group displayed normal larvae morphology,
but they were shorter in length than the controls.
Another type of tail abnormality was a bent tail, which
was observed at the end of the tail in a few of the treated
larvae (Figure 5). It was reported that malathion, another
organophosphorus insecticide, caused morphological
abnormalities in the head, trunk, and tail in Microhyla
ornata (Pawar et al., 1983). Similarly, tail deformations

A

B

C
Figure 1. (A) Lateral view of untreated H. arborea larva (0.8X). (B)
Dorso-lateral view (2X), and (C) lateral view (2X) of
malformed larvae exposed to 30 and 38 ppm dimethoate
concentrations, respectively. Note the edema (→).
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Figure 2. Ventral and dorsal view of untreated H. arborea larvae
(0.8X).

Figure 3. Lateral view of malformed larvae exposed to 36 ppm
dimethoate concentration (0.8X). Note the tail deformation.

Figure 5. Dorsal view of malformed larvae exposed to 36 ppm
dimethoate concentration (2X). Note the tail deformation.

Figure 4. Figure demonstrates decreased larval length and tail
abnormalities observed in many exposed larvae (0.8X).
From largest to smallest: Control and16, 26, 36, 46, and
56 ppm dimethoate exposure.
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and edema occurred when tadpoles of Rana temporaria
and Xenopus laevis were exposed to carbaryl (Bishop,
1992). Growth retardation and morphologic alterations,
especially edema, similar to those described for
dimethoate and discussed here, were reported in MCPA(4-chloro-2-methylphenoxyacetic acid) treated X. laevis
(Bernardini et al., 1996). Tadpoles of X. laevis exposed to
lindane show morphological abnormalities (MarchalSegault and Ramade, 1981). Tail abnormalities, such as
narrow margins, bent or drooped, and stunted growth,
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were observed in Rana pipiens tadpoles exposed to
paraquat (Dial and Bauer, 1984).
All exposed animals showed signs of toxicity. At the
beginning of the experiments, signs of toxicity were
characterized by hyperactivity symptoms, then loss of
balance, motionlessness, and finally death, which was
defined as the lack of response to mechanical stimuli.
Similar behavioral effects of laboratory exposures to
deltamethrin, carbaryl, carbofuran, and malathion in
amphibian larvae were reported (Bishop, 1992; Salibián,
1992; Say›m and Akyurtlakl›, 1999). These behavioral

effects are not surprising because most of these
pesticides are neurotoxic. There is no doubt that those
types of behavioral changes may subject larvae to a
greater hazard from predation.
The biota may be stressed by discharges of pesticides,
and therefore, it is essential to know their potential
effects on non-target organisms before irreversible
change occurs. Moreover, the study of the effect of
different contaminants, such as pesticides, on amphibians
will help to identify the various causes of declining
populations.
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